Objective: To evaluate the frequency, age distribution and document the histological pattern of various hematological disorders reported in bone marrow biopsy. Methods: A retro and prospective study carried out from 2000 to 2007 at pathology laboratory of Irbil Razkary Hospital. A total number of 117 cases were investigated. The biopsy was taken from posterior superior iliac spine by the clinician. A length of 0.5 to 2 cm of marrow element was obtained, put overnight in 10% formalin for fixation, followed by decalcification in 5% nitric acid. Then processed in usual manner. Sections were examined by 2 pathologists independently. Results: the mean age of patients was 46.16 years ranging from 2 years to 76 years. The male to female ratio was 1.49:1. The commonest presenting clinical features of patients underwent bone marrow biopsy were pallor (91.4%), followed by body weakness (59.0%). The most frequent histological diagnoses in order of frequency were unremarkable bone marrow (28.20%), lymphoma (11.1%), acute leukemia, chronic myeloproliferative disorders (9.40%), chronic leukemia, (5.12%), multiple myeloma (3.42%), metastatic tumor (2.56%), myelodysplastic syndrome and megaloblastic anemia equally reported (1.71%), pure red cell aplasia and granulomatous inflammation were present in (0.85%).
.
For bone marrow interpretation, pathologist should be provided with the history, clinical finding, peripheral blood picture and bone marrow aspirate examination (3) . The pathologist also should be familiar with the normal marrow histology to understand the pathological process (4) .
A bone marrow trephine biopsy is an uncomfortable procedure for the patient and carries few adverse effects. The complications of bone marrow biopsy that may be encountered are excessive hemorrhage, infection and breaking of the needle within the bone (5, 7) . Therefore it should be performed only when there is a clear clinical indication (5, 6) . Such indications include inadequate or failed aspirate as in cases of dry aspirate, need for accurate assessment of marrow cellularity as to determine the extent of bone marrow damage in patients exposed to radiation, drugs, chemical or other myelotoxic agents, in suspected bone marrow fibrosis, in cases that need studying bone marrow architecture and determination of the pattern of infiltration (5) , monitor the efficacy of treatment of certain conditions, assessment of the stage or progression of certain diseases and tumors including lymphomas and certain non-hematopoietic malignancies as neuroblastoma and other childhood tumors (7) , to monitor the recovery process in patient undergoing bone marrow transplantation or marrow-ablative chemotherapy, and lastly it is also an important diagnostic procedure in cases of fever of unknown origin (8, 9) .
Trephine biopsy is usually carried out from the posterior superior iliac spine, with the patient in the left or right lateral position and the knee drawn up. The alternative site is just below the anterior superior iliac spine with the patient in supine position (5) . These sites carried out successfully in children and adult, while for neonate, a modified technique applicable to the tibia has been described (10) . The biopsy should contain at least 5 to 6 intertrabecular spaces and should be at least 2-3 cm (1) . 1.5-2 cm is also acceptable length for adequate marrow biopsy (12) (13) (14) .
The aim of the study is to evaluate the frequency, age distribution and document the histological pattern of various hematological disorders reported in bone marrow biopsy.
Material and methods
This is a retrospective and prospective study in which trephine bone marrow biopsies had been collected from Razkary hospital in Irbil from 2000 to 2007. The biopsies were performed for different clinical and laboratory indications. The relevant information and demographic data were collected from the laboratory request forms. The retrospective cases were retrieved from laboratory archive. Blocks were re-cut, stained and reexamined. While the prospective cases started from 2004 in which the trephine biopsies had been carried out by the clinicians. The site of the biopsies was the posterior superior iliac crest. The average length of the biopsies were 0.5 to 2 cm. Biopsies were fixed in 10% formalin solution, kept for 24 hours then decalcified in 5% nitric acid for 3 to 4 hours, processed in automated tissue processor, then stained by routine hematoxylin and eosin stain. The results were analyzed according to the number and percentage of different parameters.
Results
Bone marrow trephine biopsies of 117 cases were included in this study. There were 70 (59.83%) male and 47 (40.17%) females. The overall male to female ratio was 1.49:1. The mean age of patients who underwent trephine biopsy was 46.16 year with a range between 2 to 76 years. Majority of cases were in the 4 th and 5 th decades. The detailed distribution of age group and sex are shown in table (1). The commonest indication for bone marrow biopsy was pallor, which was seen in 107 (91.4%) of cases, followed by generalized body weakness, seen in 69 (59.0%) of cases, followed by other clinical and laboratory indications, as illustrated in table (2). 
Discussion
Bone marrow trephine biopsy is an indispensable tool for the diagnosis of various hematological diseases. To provide optimal results, the finding should be correlated with pertinent clinical and laboratory information. It can be performed in different age groups. In this study, various age groups were included; the mean age of this study was 46.16 year, reflecting the predominant age groups which are the 4 th and 5 th decades. This finding was higher than other studies (15) (16) (17) , probably due to the relatively high number of hematological malignancies in this study. Regarding the gender, there was a male predominance with a ratio of 1.49:1 female. Slightly lower results were seen in other studies (15, 16, 18) .
Pallor was the most common clinical feature of patients who underwent bone marrow trephine biopsy (seen in 91.4% of cases), solely or associated with other features. This agrees with other studies (15, 16, 19) . Generalized body weakness ranked the second frequent symptom and was present in 59.0% of cases. The latter was the main presenting symptom in another study (18) . The least common clinical feature was bleeding, which was the presenting symptom in 12.8% of cases. This is similar to another study (18) .
Regarding the final diagnosis, the reporting of a normal bone marrow was reached in 29.05% of the biopsies. This is a relatively high percent in comparison with another study (18) and may reflect the overindication of marrow biopsy in our locality probably related to lack of proper clinicopathologic coordination. Lymphoma was the second diagnostic report seen in 11.1%. This is similar to another study which shows the highest percent of lymphoma (16) . All were non-Hodgkin's lymphoma. The majority of these cases were lymphoplasmocytic lymphoma 4 (3.42%) cases and mixed small and large cell lymphoma 4 (3.42%) cases. They show a predominant diffuse and, to less extend, nodular pattern of infiltration. Similar results were reported by others (20) (21) (22) . In 3 (2.56%)
cases the specific type of lymphoma could not be achieved and further immunohistochemical stains were recommended. Acute leukemias ranked third by 9.40% of biopsies. The majority of those patients were in 1 st and 2 nd decades and mostly acute myeloid leukemia 5 (4.27%). While cases of acute lymphoblastic leukemia were seen in only 3 (2.56%). However; in 3 cases definitive typing of acute leukemia cannot achieved by bone marrow trephine biopsy alone. Similar findings were reported by other studies (18, 19, 23, 24) and slightly higher finding by others (15) .
The chronic myeloproliferative disorders (CMPDs) are another group commonly diagnosed on histopathological examination of trephine bone marrow biopsies. The 2001 WHO classification system of chronic myeloid neoplasms classified chronic myeloproliferative disorders into the four classical MPDs (chronic myelogenous leukemia (CML), polycythaemia vera, essential thrombocythemia and chronic idiopathic myelofibrosis) as well as chronic neutrophilic leukemia (CNL), chronic eosinophilic leukemia/hypereosinophilic syndrome (CEL/HES) and CMPD unclassifiable. The central and shared feature in CMPDs is effective clonal myeloproliferation (that is peripheral blood granulocytosis, thrombocytosis or erythrocytosis) which is devoid of dyserythropoiesis, granulocytic dysplasia or monocytosis (25) .
As for CML cases the histological picture shows hypercellular marrow with granulocytic hyperplasia and loss of fat cells. Reticulin is increased and may be confused with primary myelofibrosis (17) . In our study CML was diagnosed in 6 (5.12%) patients. Regarding myelofibrosis in which bone marrow aspirate usually shows "dry tap" and so trephine biopsy is the ultimate diagnostic tool in this condition. In our series, 3 (2.56%) cases were diagnosed as myelofibrosis, comparable to that of other studies (18, 26, 27, 28) . We encountered 2 (1.71%) cases that were labeled as unclassified myeloproliferative disorders. Chronic leukemia, including 3 cases of chronic lymphocytic leukemia (2.56%), 2 cases of hairy cell leukemia (1.71%), and 1 case of prolymphocytic leukemia (0.85%). All represent 5.12% of the studied group. This is similar to another study (18) .
Myelodysplastic syndrome (MDS) is a heterogeneous group of clonal stem cell disorders which generally occur in older adults but may affect children. Myelodysplastic syndrome is characterized by ineffective hematopoiesis, morphological cell dysplasia (dyserythropoiesis; dysgranulopoiesis; dysmegakaropoiesis), peripheral blood cytopenias, progressive bone marrow failure and a tendency to progress to acute myelogenous leukemia (29, 30) . According to the French-American-British (FAB) classification which was published in 1976 and revised in 1982 and WHO classification in late 1990s, cases were classified into 5 categories. These are refractory anemia (RA), refractory anemia with ringed sideroblasts (RARS), refractory anemia with excess blasts (RAEB), refractory anemia with excess blasts in transformation (RAEB-T), and chronic myelomonocytic leukemia (CMML) (31) . In our study we reported myelodysplastic syndromes in 2 (1.71%) of cases, one is refractory anemia and the other is refractory anemia with excess blasts. The bone marrow findings were either hyper or hypocellular with multilineage dysplasia. This was similar to others (15, 26) .
As for bone marrow aplasia/ hypoplasia, we reported 9 cases (7.69%) and was seen in different age groups suggesting the variety of underlying causes. This is similar to other studies (18, 20) , but is lower than 2 other studies (19, 26) . Determination of whether the aplasia was primary or secondary cannot be achieved by bone marrow biopsy alone; it needs clinical coordination. Pure red cell aplasia was seen in 0.85% of cases. This is similar to other studies (24, 32) .
Bone marrow hyperplasia was encountered in nine cases (7.69%), 3 of them showed erythroid hyperplasia alone (as a result of the hemolytic process) and the rest showed pan hyperplasia of all three elements (probably due to hypersplenism). Megaloblastic anemia was diagnosed in 1.70% of cases. These numbers are lower than in another study (18) .
The diagnosis of multiple myeloma in marrow biopsy depends upon extent of plasma cell infiltration, pattern of infiltration and cytological features of plasma cells (1, 33) . Trephine biopsy in this disorder is an essential investigation. However; in cases in whom an aspirate permits a definitive diagnosis, the trephine biopsy is important as a baseline for comparison with repeated biopsies during follow up (5) . In our study 3.42% of cases were diagnosed as multiple myeloma. This is similar to two other studies (15, 18) .
The bone marrow biopsy is considered a sensitive technique for detecting metastatic tumors. It is also performed for staging purposes at the time of diagnosis in a number of solid tumors such as neuroblastoma in children and tumors of breast, stomach, colon, kidney, prostate, lung and lymphoma in adults (2, 34) . The problems and pitfalls in the interpretation of metastatic deposits on bone marrow biopsy could arise because of some normal components of bone marrow like megakaryocytes, crushed erythroid cells, osteoblasts, osteoclasts, macrophages and fibroblasts may resemble with the tumor deposits (1) . In our study 3 (2.56%) known cases of solid body tumor were found to have metastatic deposits of adenocarcinma (prostate, breast and gastrointestinal tract). This finding coincides with other studies (15, 17, 35) .
Granulomatous lesion was the least common pathological diagnosis which was present in 0.85% of cases. This histological finding is seen in a variety of conditions including tuberculosis, sarcoidosis, Hodgkin's disease, cat scratch disease, Q fever, brucellosis, leprosy, syphilis and typhoid fever (5, (36) (37) (38) (39) .
There are no characteristic morphological features which allow reliable etiologic diagnosis of bone marrow granulomas (40, 41) .
This is similar to two other studies which show infrequent granuloma finding in bone marrow trephine biopsy (40, 41, 42) , but unlike two other studies which show preponderance of granulomatous inflammation (17, 18) .
Inadequate biopsies were seen in 9.40% of cases. These were due mainly to absence of bone marrow element, or due to processing and staining artifact which obscured the histological picture. This is comparable to another (18) .
Conclusion
Bone marrow trephine biopsy is an invasive procedure with few known complications, but is a valuable diagnostic tool in the diagnosis, staging, management and follow up of various types of conditions both neoplastic and nonneoplastic. High percentage of cases in our study show normal marrow finding, this may reflect overindication of marrow biopsy, such finding urge for more clinicopathological coordination and data analysis.
